Grape seed extracts (GSE) are very potent antioxidant and exhibit numerous interesting pharmacologic activities, including an antioxidant property, and has been suggested to be of use in treatment of several diseases. The present study has been undertaken to investigate the protective and therapeutic effect of GSE against lead-induced neuro and hepatotoxicity in rat. Male albino rats were divided into six groups: the 1st group, rats were injected daily with saline vehicle and served as negative control, the 2nd group (positive control group), the rats were injected (i.p.) with subacute dose (100 mg/kg b·w/day) of lead acetate (LA). The 3rd group (protective group), the rats were injected (i.p.) with LA (100 mg/kg b·w/day) for 7 days after treatment with GSE (100 mg/kg b·w/day) for 3 weeks. The 4th, 5th and 6th groups (therapeutics groups), rats were injected (i.p.) with subacut dose (100 mg/kg b·w/day) of lead acetate for 7 days, then treated with GSE (100 mg/kg b·w/day) for one, two and three weeks, respectively. The level of norepinephrine (NE), dopamine (DA), serotonin (5-HT) and 5-hydroxyindol acetic acid (5-HIAA) were evaluated in brain regions (cerebellum, brainstem, striatum, cerebral cortex, hypothalamus and hippocampus). The result indicated that the administration of subacute dose of LA (100 mg/kg/day, i.p.) induce a significant decrease in NE, DA, 5-HT and 5-HIAA content in all tested brain regions. Also the obtained data showed significant increase in liver enzymes: serum glutamate oxaloacetate transaminase (GOT), serum glutamate pyruvate transaminase (GPT) and lactate dehydrogenase (LDH) level in group 2 (positive control). There is an improvement in neurotransmitters content. Also the obtained data showed significant increase in liver enzymes of protective (G3) and therapeutics groups (G4, G5 and G6) which received GSE compared with animal group that received lead acetate (G2). This is may be the presence of proanthocyanidins and procyanidins which have antioxidant and free radical scavenging activities. The result suggests that grape seed extract may prevent lead-induced neurotoxicity and hepatotoxicity.
Introduction
Lead (Pb) is the one of the oldest-established poisons. Knowledge of its general toxic effects stretches back three millennia and knowledge of its effects in children over 100 year [1] . Lead has been used in medicines, paintings, pipes, ammunition and in more recent times in alloys for welding chemical reagent storage. Human beings are also exposed to cadmium, lead and mercury from cigarette smoking. Given all that, the concentration of this metal in the environment and our exposure to it have increased significantly during human history especially in the latest centuries [2, 3] .
Lead-exposure occurs through the respiratory and gastrointestinal systems and lead which is ingested and ab-protecting the body against the development of neurontoxicity. One of the first plant with constituents reputed to possess neuroprotective properties was grape. Grapevine (Vitisvinifera), is cultivated today in all temperature regions of the world [9, 10] . Its seeds contain several active components including flavonoids, poly phenols, anthocyanins, proanthicyanidins and procyanidines, gape seeds extract (GSE) contain 70% -95% standardized proanthocyanidins [11] . A variety of naturally occurring grape seed extract have been found to have beneficial effects on health, and these compounds drawn attention because of their relative safeness and accumulated evidence of physiological properties in animals and human [12] . Oil produced from grape seeds is considered a rich source poly phenolic with strong antioxidant activity, chemopreventive, anti-inflammatory, anti-microbial and anti-cancer effects [13] [14] [15] .
However, lead exposure continues to be a major public health problem, particularly in USA and also in Third World nations [16] . Also, lead cause adverse effects to hepatic cells because after lead exposure, liver is one of the major organs involved in the storage, biotransformation and detoxification. As a result, research into the toxic effects of lead continues and the last decade has been particularly fruitful in providing new information on manifold influences of this metal. Therefore, the present study attention is focused on whether the administration of grape seeds extract to rats could protect and therapeutic against lead-induced toxicity. Preparation of grape seed extract: Grapes as large clusters with red berries, were bought from a local supermarket in Saudi Arabia (Jeddah) and identified as Vitisvinifera. Grape seeds were removed from the grapes, air dried for 1 week. The ethanolic extract was prepared by soaking 100 gm of grape seeds powdered in 300 ml ethanol (95%) shaking (24 h) then covered by a piece of aluminum foil and kept in refrigerator. The infusion was filtered by a piece of double gauze and the filtrate was centrifuged at 3000 rpm for 10 minutes, then the supernatant (ethanol) was evaporated using a rotatory evaporator apparatus attached with vacuum pump. The 100 gm of dried grape seeds powder yield 26.7 gm ethanol [17] [18] [19] . Preparation of subacute dose of lead acetate (LA): Dissolving 100 g of lead acetate in 1 L saline (100 mg/ml) [20] .
Materials and Methods

Chemicals
Animals: Tow-month old (180 -200 g body weight) male albino rats (Rattus norvegicus) were selected from animal house of king Fahd of medical researchers in Jeddah, Saudi Arabia. The animals were housed under controlled environment conditions (12 h light/dark cycle) at a temperature of 25˚C + 10˚C and humidity of 60% + 5% and fed standard diet and water Ad libitum for the experimental period.
Experimental design: After an acclimation period of one week, 36 rats were divided randomly into six groups (6 rats/group). The 1st group (G1) served as negative control (rats were injected intraperitonally (i.p.) with ml of normal saline for 7 days. The 2nd group, (positive control group) were injected (i.p.) with subacute dose of lead acetate (100 mg/kg b·w/day) for 7 days. The 3rd group, (protective group) was administrated orally GSE (100 mg/kg b·w/day) for three weeks [19] [20] [21] [22] then injected (i.p.) with subacute dose of LA (100 mg/kg b·w/ day) for 7 days. The 4th, 5th and 6th groups (therapeutic groups), were injected (i.p.) with subacut dose (100 mg/kg b·w/day) of lead acetate for 7 days, then treated daily with single dose of GSE (100 mg/kg b·w/day) for one, two and three weeks respectively.
After the end of experimental period [one week (G1, G2), two weeks (G4), three weeks (G5) and four weeks (G3, G6)] the animals were slaughtered and the brain tissue of each rat was excised rapidly and carefully, then the different regions of brain (cerebellum, brainstem, striatum, cerebral cortex, hypothalamus and hippocampus) were dissected on dry ice glass plate according Glowinski and Iversen, [23] . The different regions of brain under study were wiped dry with a filter paper weighed, wrapped in plastic film followed by aluminum foil and frozen in dry ice for neurochemical analysis. Blood samples were collected from all rats within different treatment groups by retro bulbar method into heparinzed tubes and the plasma was separated by centerfugation at 2500 rpm for 15 min. plasma was frozen at -20˚C for biochemical analysis (liver function).
Neurochemical analysis: Norepinephrine (NE), dopamine (DA) and serotonin (5-HT) were extracted and estimated according to the method of Chang, [24] modified by Ciarlone, [25] . 5-HIAA was estimated according to the method described by Miller et al. [26] . The fluorescence was measured in Jenway 6200 fluorometer.
Blood parameters determination: Glutamate oxaloacetate transaminase (GOT) and glutamate pyruvate (GPT) were determined by the method of Reitman and Frankel, [27] . Lactate dehydrogenase (LDH) activity was estimated in serum by the method of Kornberg, [28, 29] .
Statistical analysis: The results are expressed as mean + S.E. for six rats in each group. Differences between groups were assessed by student's t test using the SPSS version 7.5 software package for Windows, USA. The level of significance was set at P < 0.05. therapeutic on the monoamines of rats are presented in Tables 1-4 . Statistical analysis of data in this study showed that there are significant difference between group concerning the level of NE in different regions of brain under study (cerebellum, brainstem, striatum, cerebral cortex, hypothalamus and hippocampus) Table 1 . The positive control group (G2) showed the significant lowest mean level of NE in all tested brain regions compared to the negative control group (G1). Whereas the significant highest mean level of NE in all brain regions were detected in protective group (G3) and therapeutic group (G6) compared to G2. The result in Table 1 showed that, the level of NE is increased in all regions of brain in therapeutic groups (G4 and G5). 
G6 Treatment
A : Statically significant (P < 0.05) compared to group 1; B : Statically significant (P < 0.05) compared to group 2; G1: Negative control rats were treated with saline; G2: Positive control rats were treated with LA; G3: Rats were treated with LA for 7 days after GSE treated for 3 weeks (protective group); G4: Rats were treated with GSE for 1 weeks after LA injection for 7 days (therapeutic group); G5: Rats were treated with GSE for 2 weeks after LA injection for 7 days (therapeutic group); G6: Rats were treated with GSE for 3 weeks after LA injection for 7 days (therapeutic group). 
G6
Treatment A : Statically significant (P < 0.05) compared to group 1; B : Statically significant (P < 0.05) compared to group 2; G1: Negative control rats were treated with saline; G2: Positive control rats were treated with LA; G3: Rats were treated with LA for 7 days after GSE treated for 3 weeks (protective group); G4: Rats were treated with GSE for 1 weeks after LA injection for 7 days (therapeutic group); G5: Rats were treated with GSE for 2 weeks after LA injection for 7 days (therapeutic group); G6: Rats were treated with GSE for 3 weeks after LA injection for 7 days (therapeutic group). 
G6 Treatment
A : Statically significant (P < 0.05) compared to group 1; B : Statically significant (P < 0.05) compared to group 2; G1: Negative control rats were treated with saline; G2: Positive control rats were treated with LA; G3: Rats were treated with LA for 7 days after GSE treated for 3 weeks (protective group); G4: Rats were treated with GSE for 1 weeks after LA injection for 7 days (therapeutic group); G5: Rats were treated with GSE for 2 weeks after LA injection for 7 days (therapeutic group); G6: Rats were treated with GSE for 3 weeks after LA injection for 7 days (therapeutic group).
As shown in Table 2 the positive control group (G2) recorded a significant decrease in the DA content in cerebellum (191.31 μg/g), brainstem (102.71 μg/g), striatum (433.67 μg/g), cerebral cortex (62.54 μg/g), hypothalamus (333.91 μg/g) and hippocampus (311.92 μg/g) compared to the negative control group (G1). Whereas the significant highest mean level of DA content were detected in protective group (G3) and therapeutic group (G6), compared to G2. However, the level of DA in all samples of brain under study from the therapeutic groups (G4 and G5) still increased except in cerebellum (201.12 μg/g) and brainstem (120.31 μg/g) of G4 group compared to G2 group.
The data presented in Table 3 reveled that LA treatment (G2) caused inhibition in 5-HT content in different brain regions under study compared to negative control group (G1). Where there was a significant increase in 5-HT content in protective group (G3) and therapeutic group (G6) in all tested brain regions compared to positive control group G2. A significant increase in 5-HT content in cerebellum (190.31 & 201.39 μg/g), brainstem (155.24 μg/g), striatum (612.76 μg/g) cerebral cortex (110.31 μg/g), hypothalamus (490.11 & 530.30 μg/g) and hippocampus (512.11 & 590.55 μg/g) was also found in therapeutic groups (G4 and G5) compared to G2 except in: brainstem (100.51 μg/g), striatum (511.33 μg/g) and cerebral cortex (81.21 μg/g) of G4 group was not significant. The positive control group (100 mg/kg b·w/day for 7 days) showed the same trend in the level of 5-HIAA in all regions of brain under study compared to G1 (Table  4) . However, protective group (G3) recorded significantly increase in 5-HIAA content in all brain regions compared to G2 group but this increase was not significant compared to G1. An increase was also found in therapeutic groups (G4, G5 and G6) compared to G2 except in cerebellum (145.14 μg/g) and brain stem (102.11 μg/g) of G4.
Additionally, GOT and GPT levels indifferent groups reveal significant differences. LA induced significant increase in GPT (62.31), GOT (66.51) levels compared to negative control group (18.77, 25.11) respectively. Whereas the level of GPT (33.33, 26.76, 20.88) and GOT (50.34, 41.51, 30.18) in G4, G5 and G6 were decrease levels when comparing the groups G2 which treated with LA. Moreover, there is a significant increase in LDH level in positive control group (G2) compared to G1. LDH level significantly decreased in G3 (protective group) and therapeutic groups (G5, G6) compared to G2, while G4 was not recorded significant change compared to G2 ( Table 5 ). 
G6
A : Statically significant (P < 0.05) compared to group 1; B : Statically significant (P < 0.05) compared to group 2 G1: Control rats were treated with saline; G2: Control rats were treated with LA; G3: Rats were treated with LA for 7 days after GSE treated for 3 weeks; G4: Rats were treated with GSE for 1 weeks after LA injection for 7 days; G5: Rats were treated with GSE for 2 weeks after LA injection for 7 days; G6: Rats were treated with GSE for 3 weeks after LA injection for 7 days.
Copyright © 2012 SciRes. JBBS
A. M. WAGGAS 180
Discussion
Lead (Pb) is a one of the major heavy metals known to be toxic to mammals, lead poisoning is associated with physiological problem such as mental retardation, learning disabilities, low birth weight and behavioral problems [30] [31] [32] . Acute changes in neuropsychological function have been seen in inorganic lead workers. These effects are seen in visual/motor performance, memory, decreased hearing, attention and verbal [33] [34] [35] . These effects can be detected in workers with blood lead levels of >50 μg/100 ml [36] . In particular, lead can cause some serious damage in the brain and oxidative stress has been proposed as a potential mechanism in the pathogenesis of lead toxicity [37] .
The direct neurotoxic actions of lead include apoptosis (programmed cell death), excitotoxicity affecting neurontransmitter storage and release and altering neurotransmitter receptors, mitochondria, second messengers, cerebrovascular endothelial cells, and both astroglia and oligodendroglia. Lead also causes toxic effects by oxidative stress and by either directlyorindirectly-produced lipid peroxidation. Lead alters lipid metabolism, inhibits superoxide dismutase and enhances lipid peroxidation in the brains of developing rats [16, 32] .
From the present result it is clear that the administration (i.p.) of subacute dose (100 mg/kg b·w/day) induce a significant decrease in NE, DA, 5-HT and 5-HIAA content in all tested brain regions, and the rats showed ataxia and skeletal muscle weakness.
The neurotoxic effect of Pb on the catecholaminergic and cholinergic nervous system has been investigated using a rat model of lead exposure. The biochemical effect of lead on brain neurochemistry was depending on the degree and duration of Pb exposure. Within the catecholaminergic nervous system, lead exposure resulted in alterations in concentrations of the transmitters, NE and DA [38] [39] [40] . Previous studies carried by Nachshen, [41] and Minnema et al. [42] indicated that Pb-induced increase in spontaneous transmitter release in apparently due to either an increase in intraneuronal ionized calcium or the stimulation by Pb of Ca-activated molecules mediating transmitter release. In addition, Gill et al. [40] reported that lead exerts its neurotoxic effects by interfereing with Ca 2+ calmoduline mediated neurotransmitter release that is eventually responsible for behavioural impairment. Lead also disrupts the activity of synaptotagmin a protein localized in the synaptic terminal that appear to be important for transmitter release [43] . On other hand Adonylo and Oteiz, [4] indicate that Pb 2+ intoxication induces an oxidative stress situation in rat brain. It had been previously shown that oxidative stress because of decreased antioxidant function might be the main mechanism involved in brain neurotoxicity induced by Pb-exposure [44] [45] [46] .
From the previous studies and the present result. It could be suggesting that LA-induced neurotoxicity is mainly by oxidative stress and affecting on neurotransmitter release. In addition, it showed that LA induced neurontoxicity was characterized by various potentially detrimental changes such as decreased NE, DA, 5-HT and 5-HIAA content. The decrease in 5-HIAA content may due to the decrease in 5-HT content.
Grape seeds extract (GSE) contains polyphenols including proanthocyanidins and procyanidins that showed antioxidant and free radical scavengers, being more effective than either ascorbic acid or vitamin E [47] [48] [49] . Their effects include the ability to increase intracellular vitamin C levels, decrease capillary permeability and fragility and scavenge oxidants and free radicals. Several studies have indicated that extracts obtained from grape seed inhibit enzyme systems that are responsible for the production of free radicals [13, 50] . Red grape seed extract also blocks cell death signaling [51] . Many studies have provided evidence that proanthocyanidin has potent radical scavenging ability, antioxidant properties and significant neuroprotective as well as cardiovascular protective effect [52] [53] [54] .
Procyanidins are natural botanic polyphenols extracted from grape seeds, with bioactivities such as antioxidation, free radical elimination and cell proliferation stimulation [55] . Recently, there is great evidence that GSE prevents oxidative injury by modulating the expression of antioxidant enzyme systems [56] . The oxidative DNA damage in the brain regions of aged rats was also modulated by GSE administration [19] . GSE has been also shown to be protective against nitrosative/oxidative stress [57] , and has exhibited superior. From the present result it is clear that there is improve in neurotransmitters content in the protective and therapeutics group which received GSE. Koga et al. [58] reported that the intake of proanthocyanidins increases the resistance of plasma against oxidative stress and may contribute to physiological functions of plant food through their in vivo antioxidant activities. Feng et al. [59] reported that, treatment with grape seed extract suppresses lipid peroxidation and reduces hypoxic ischemic brain injury in rat. Several studies have suggested GSE has a critical role as neuroprotective [60] [61] [62] . Through inhibition of calcium signals and nitric oxide formation [63] . From the previous study as well as the present result, it could be concluded that, GSE has a protective and therapeutic role against lead toxicity. This is may be the presence of proanthocyanidins and procyanidins that showed antioxidant and free radical scavengers.
Lead is known to adversely affect many organs, where the liver being one of the major organs involved in the storage, biotransformation and detoxification of toxic substances, is of interest in heavy metal poisoning [64] .
Lead produces oxidative damage in the liver by enhancing lipid peroxidation and cause liver dysfunction and increase free radical damage [65] .
From the present result it is clear that GSE cause decrease in GOT, GPT and LDH which increased as a result of LA treatment. GOT, GPT levels are biomarkers of liver injury with some degree of intact liver function, and the elevated levels of LDH may indicate liver damage.
Cetin et al. [66] reported that grape seed extract may be promising as a therapeutic option in RTx-induced oxidative stress in the rat liver. El-Ashmawy et al. [67] concluded that grape seed extract is a useful herbal remedy, especially for controlling oxidative damages and is considered as a potent protective agent against hepatotoxicity. Several lines of evidence demonstrated that, grape seed proanthocyanidins exhibited in vivo hepatoprotective and anti-fibrogenic effects against liver injury and act as free radicals scavengers and protective liver damage [68] [69] [70] .
Conclusion
Protective and therapeutic action of GSE is observed, this may be due to: inhibition of calcium signals and nitric oxide formation, counteracting free radicals, reducing liver toxicity markers. They all contribute to its potential as a modulator of oxidative damage produced by lead acetate. Additional studies are needed to demonstrated GSE efficacy in human.
